Objective: To examine the long term effects of prenatal cocaine exposure (PCE) on the language development of 10-year-old children utilizing a prospective design, controlling for confounding drug and environmental factors. Participants: Children exposed to cocaine in utero (PCE; n = 175) and non-exposed children (NCE; n = 175) were followed prospectively to 10 years of age and were compared on language subscales of the Test of Language Development-Intermediate 3rd Edition (TOLD-I:3) and phonological processing as measured by the Comprehensive Test of Phonological Processing (CTOPP). Methods: Multivariate analysis of covariance (MANCOVA), linear regression, and logistic regressions were used to evaluate the relationship of prenatal cocaine exposure to language development, while controlling for confounders. Results: After controlling for confounding variables, prenatal cocaine effects were observed for specific aspects of language including syntax (Sentence Combining subtest of the TOLD-I:3, p = 0.001), semantics (Malopropism subtest of the TOLD-I:3, p = 0.05) and phonological processing (Phonological Awareness subscale, p = 0.01). The caregiver factors of vocabulary, HOME, and psychological symptoms also had consistent effects on language subtests and phonological processing scores. Children with PCE who experienced foster or adoptive care had enhanced language development compared to those living with birth mothers or in relative care. Cocaine exposed girls had lower scores on the phonological awareness subscale of the CTOPP than non-exposed girls. Conclusions: PCE has subtle effects on specific aspects of language development and phonological processing at age 10, even after controlling for confounding variables. Environmental factors (i.e., postnatal lead exposure, home environment, and caregiver vocabulary and psychological symptoms) also impact language skills at 10 years. Adoptive or foster care appears to enrich PCE children's linguistic environment and protects children against language delay in the PCE sample.
Introduction
Language functioning of children with prenatal cocaine exposure (PCE) is of particular interest to researchers, clinicians, and educators both because of the relationship of early language skills to cognitive development and due to the relationship of language deficits to later reading skills and subsequent academic and social success. While some prospective studies have not found PCE effects on language [3, 25] , the majority of studies of preschool children with PCE have reported both receptive and expressive language deficits, as well as subtle deficits in specific language domains such as phonology, semantics, syntax, and pragmatics [2, 4, 12, 15, 21, 27, 33, 41] .
Language delays of children with PCE in early childhood have been assumed to be related to both biologic risk and postnatal environmental influences. Biological risks include a disruption in attentional processing related to prenatal drug exposure [23, 36, 39, 42] . Environmental risks stem from inadequate stimulation provided by a drug using mother [32, 45] , insecure child attachment [38] , caregiver's verbal abilities [27] and a variety of factors associated with poverty [8] including exposure to environmental toxins such as lead. Several prospective studies of children with PCE have found stable cocaine specific effects on composite receptive, expressive and total language scores, even after control for multiple medical and demographic covariates during early childhood (birth to 6 years), a time of rapid spoken language acquisition [2, 33] .
In the longitudinal Miami Prenatal Cocaine Study that examined language development across 6 time points from 4 months to 3 years of age, Morrow et al. [33] reported that children with PCE had overall lower language scores than children who were not cocaine exposed (NCE). Cocaine effects were strongest at the 18 months and 3 years assessments, possibly due to more reliable assessments at this age. Morrow further contended that deficits in fetal growth (i.e., birthweight, length, and head circumference) were related to cocaine exposure, with these deficits mediating language differences between the groups. Additional individual differences were noted by the Miami group, with boys lagging behind girls and additional substance exposure (i.e., alcohol and lead) at 3 years associated with poorer language outcomes. Non-biological care was not found to influence language outcomes. Language outcomes were reported to decline with age. A subsequent report on the Miami cohort at 3 years of age, Morrow et al. [34] found a similar gradient relationship between the degree of cocaine exposure and decreased expressive language skills to our Cleveland cohort's early findings [41] . Receptive language skills of children with PCE were not significantly different from nonexposed children. Bandstra et al. [2] reported on additional longitudinal language findings of the Miami cohort at 3, 5, and 7 years of age. The Clinical Evaluation of Language Fundamentals-Preschool (CELF-P) was administered at 3 and 5 years and the core language domain of the NEPSY at 7 years. An association of PCE and total language functioning was found after controlling for multiple medical and socio-demographic variables. However, at the 7 years assessment, these language deficits did not appear to be related to deficits in fetal growth as was suggested in their earlier reports.
In our previous studies of the cohort reported on in the current paper, we found deficits in auditory processing of children with PCE at 1 year of age [41] . At the 4 years assessment, we reported significant differences in expressive and total language scores but not in receptive language scores, with children with PCE scoring more poorly than controls [27] . When children were classified based on language scores below a standard score of 85, children with PCE were more likely to have delays in receptive language than non-exposed children. Examination of this cohort longitudinally at 1, 2, 4, and 6 years of age employing random coefficient modeling while controlling for confounders showed a significant stable, longitudinal effect of cocaine exposure on language, with children with PCE demonstrating greater overall linguistic deficits compared to nonexposed children and a more dramatic decline in language performance over time [26] .
Although early childhood language deficits of children exposed to cocaine have been documented, few studies that have examined the effects of PCE on language in the elementary school years. During the school years new demands are placed on language skills, as the child learns to read and write. Spoken and written language skills are crucial for children's successful social and academic competence [4] . Prenatal cocaine exposure may affect brain regions associated with higher linguistic skills that are more appropriately assessed at school age [4] .
In one of the first studies to examine children with PCE beyond 7 years of age, Beeghly [4] examined 160 children in a prospective study at 6 years and 9.5 years of age on a standardized language assessment (TOLD-P:3 at 6 years and the CELF-3 at 9.5 years.). Age, birthweight and gender were found to moderate the relationship between PCE and language outcomes. Children with PCE had lower receptive scores at 6 years but not at 9.5 years if they had lower birth weights. Lower expressive and total language scores were reported for children with PCE at both time points if they were female [4] . As reported in their previous work [3, 16] no significant main effects of PCE were found for composite scores on a variety of language measure. Use of composite scores of language in standardized testing is a common practice; however the effects of specific language processing skills, such as syntax, semantics, pragmatics, and phonological processing, often are missed when composite scores are utilized. These skills may be differentially affected by prenatal cocaine exposure.
Several studies have examined specific language domains such as pragmatic skills [30] , semantics [7] , and phonology [29] . A large prospective cohort study conducted by Delaney-Black et al. [12] on 6-year-old children examined in great detail articulation and language skills of children with PCE. Data from a spontaneous language sample were analyzed for specific linguistic skills, including such things as communication units (C-unit) and typetoken ratios (number of word types per number of words; TTR). While significant differences of mean C-units and TTR by cocaineexposure group were not observed, children with PCE were 2.4 times more likely to be in the experimentally defined low language group than control children after adjustment for covariates. A language threshold was hypothesized by these researchers in which a combination of biological and environmental factors is likely to place children with PCE in the low language group. These findings were in agreement with a previous report that children with language delays were more likely to have PCE than children with normal language development [1] .
Inconsistencies in language findings to date of children with PCE suggest that studies employing large longitudinal prospective cohorts and examining specific language domains are needed to clarify the relationship of PCE to language skills. Further, studies need to be extended into school age to document the effects of PCE on more complex linguistic skills that may impact academic outcomes. The present investigation was designed to examine specific language domains and extend our previous studies of PCE into the school age years. Specific domains of higher level linguistic skills including semantics, syntax, and phonological processing were examined. Careful control of environmental factors known to relate to child language skills was completed, with special attention directed to caregiver's vocabulary and psychological symptoms, placement in foster/adoptive care, and environmental lead exposure. Based on our previous findings and those reported in the literature, our specific hypotheses were:
1. Children with PCE will perform more poorly than children without exposure on specific language skills. Children with PCE in our cohort have presented with poorer language skills at 1, 4, and 6 years of age. We have found that language skills have declined with age and children with PCE have not caught up to their NCE peers. Thus, we predicted that at 10 years, poor language skills will be evident, with specific linguistic skills (i.e. syntax and semantics) greatly impacted. 2. Children with PCE will perform more poorly than children without exposure on measures of phonological processing, especially the phonological awareness, phonological memory and rapid automatized naming subscales of the CTOPP. We predicted that children with PCE will also demonstrate poorer phonological processing skills tapped by these subtests strongly related to reading skills. Our early findings showed deficits in auditory processing that may be related to these later phonological processing skills. 3. Children with PCE in adoptive/foster care will present with better language and phonological processing skills than children who remain in biological relative care.
Our previous research showed that children with PCE in adoptive/ foster care demonstrate better language skills than children in biological relative care. We expected that this finding would persist at the 10 year follow-up.
Methods

Subjects
Three hundred and fifty children (175 with prenatal cocaineexposed (PCE) and 175 non-exposed, (NCE)) were followed prospectively from birth at 1, 2, 4, 6, and 9 years and assessed for language development at 10 years of age. The sample was drawn from a cohort recruited at birth (September 1994-June 1996) from a large, urban, county teaching hospital and had participated in a longitudinal study of the sequelae of fetal drug exposure. IRB approval from University Hospitals of Cleveland and MetroHealth Medical Center was obtained for all participants, with informed consent obtained from parents and assent obtained from the youngster. Health Insurance Portability & Accountability Act of 1996 (HIPPA) was maintained. All subjects were protected by a writ of confidentiality (DA-04-03) preventing the release of any subject information from the research even under court order.
Women considered high risk for drug use due to lack of prenatal care, behavior suggesting intoxication, a history of involvement with the Department of Human Services or self-admitted use were administered drug toxicology screenings at the child's birth. Maternal and infant urine samples were obtained immediately before or after labor/delivery and analyzed for the presence of cocaine metabolites (benzoylecgonine), cannabinoids, opiates, PCP, and amphetamines. In addition, infants had meconium drug analyses performed for cocaine and its metabolites (i.e. benzoylecgonine (BZE), meta-hydroxybenzoylecgonine (M-OH-BZE), cocaethylene, cannabinoids (THC), opiates, PCP, amphetamines, and benzodiazepines). Screening assays were conducted using polarization immunoassay reagents (fluorescence polarization immunoassay; US Drug Testing Laboratories, Inc, Des Plaines, IL). Cutoff levels were as follows: cocaine and metabolites, opiates, 25 ng/g; amphetamines, 100 ng/g; phencyclidine, 25 ng/g; tetrahydrocannabinol, 25 ng/g. Confirmatory assays were conducted. Specificity for both urine and meconium cutoffs was 99%.
Infants with PCE were identified based on either positive infant meconium, maternal urine, or maternal self-report, while control infants were negative on all three indicators. Women who used alcohol, marijuana, or tobacco during pregnancy were included in both groups. Of the 647 mothers identified, 54 were excluded (20 PCE and 34 NCE) from this study, with 15 not having meconium, 2 having Down syndrome, 16 having maternal psychiatric history, 2 due to primary heroin use, 5 having human immunodeficiency virus status, 1 due to IQ b 70, 1 having fetal alcohol syndrome, 2 due to maternal age under 19 years, 3 due to a medical illness in the infant, 4 due to chronic illness in the mother, and 3 for other reasons. Additionally, a total of 155 women (49 cocaine using and 106 non-cocaine using) refused to participate; and 23 (9 PCE and 14 NCE) did not come to the enrollment visit. The sample size of the original cohort was 415 (218 PCE, 197 NCE). By age 10 years, 11 of the children in the study group (8 PCE and 3 NCE; χ 2 = 1.9; p b 0.17) had died. Of the 54 children not seen, the 35 PCE children were more likely to be Caucasian, to have had higher birth weight, and to have mothers with lower WAIS-R picture completion scores compared with the study participants, and the 19 NCE children had lower alcohol exposure compared with the participants. It should be noted that at 2 and 4 years of age, a subgroup of children participated in a separate study of lead exposure. Venous blood samples could not be obtained from some children due to lack of parental consent, excessive stress related to the blood draw, child illness, or logistic difficulties. The number of children followed at 10 years with valid blood measurements at 2 and 4 years were 133 and 258 respectively (275 total children with blood measurements). For the 116 children with blood measurements at both times, the values were averaged. The subgroup of participants with lead levels differed from the total sample in that there were more AfricanAmericans and married parents and fewer adoptive/foster care parents, had more prenatal care, lower levels of average prenatal cigarette exposure, and larger head circumference. Continuous blood lead values were used in the statistical analyses.
Procedures
To assess prenatal drug exposure, infants and their birth mothers were seen immediately after birth, at which time, the birth mother was interviewed regarding drug use. Birth mothers were asked to recall the frequency and amount of drug use for the month prior to pregnancy, and each trimester of her pregnancy. Additionally, for tobacco, the number of cigarettes smoked per week was recorded; for marijuana, the number of joints smoked per week; for alcohol, the number of drinks of beer, wine, or hard liquor per week was computed (with each drink equivalent to 0.05 oz. of absolute alcohol); and for cocaine, the number of rocks consumed and amount of money spent per week were noted. For each drug the frequency of use was recorded. This drug assessment was updated at each follow-up visit to provide a similar measure of current drug use, with the assessments also administered to the foster or relative caregiver to provide a measure of caregiver postnatal environmental use.
Birth, demographic, and medical characteristics were taken from hospital records, including maternal race, age, parity, number of prenatal care visits, type of medical insurance, infant Apgar scores, and infant birthweight, length, and head circumference. At enrollment into the study, maternal socio-economic status [20] and educational level were calculated. Maternal vocabulary score was measured using the Peabody Picture Vocabulary Test-Revised (PPVT) [14] . Two performance subtests of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) [48] were administered: The Block Design (BD) and Picture Completion (PC) subtests which enabled an estimate of non-verbal intelligence. The Brief Symptom Inventory (BSI) [13] is a standardized self-report scale that was administered at birth and at all visits to obtain a measure of severity of psychological distress. The General Severity Index (GSI) a summary score of the BSI was used as an indicator of overall distress. The Hobel Neonatal Risk Index [19] was computed to obtain a measure of neonatal medical complications. At the 10 years visit, the child's placement (either birth mother/ relative or foster/adoptive caregiver) was noted and data on the current caregiver were updated. If the child had been placed with a new caregiver, intellectual measures of the caregiver were also updated. The Home Observation of the Environment (HOME) [9] was administered to the caregiver in an interview format as a measure of the quality of the caregiving environment at each visit. The HOME was administered in the laboratory as suggested by Jacobson and Jacobson [22] (1995). The HOME total score at 10 years of age was utilized in our analyses.
Language and phonological processing measures at 10 years
At 10 years of age, examiners unaware of the children's cocaine or lead level status individually administered the Test of Language Development-Intermediate 3rd Edition (TOLD-I:3) [18] and the Comprehensive Test of Phonological Processing (CTOPP) [46] . The TOLD-I:3 assesses the understanding and meaningful use of spoken words, as well as different aspects of grammar. The test is comprised of 6 subtests including sentence combining, picture vocabulary, word ordering, generals (identifying super ordinate categories for words), grammatical comprehension and malapropisms (identifying words that sound alike but have different meanings). Age standardized scores were computed for subtests. In an effort to precisely identify which specific linguistic domains were affected, subtest scores rather than composite scores were employed. The composite scores of the TOLD-I:3 are formed from the subtest scores and a single subtest score is employed to create multiple composite scores. Due to this overlap of subtests in the composite scores, we choose not to examine composite scores of the TOLD-I:3. The composite scores of the CTOPP do not overlap and thus were examined. The CTOPP assesses Phonological Awareness (i.e. a composite score of the Elision and Blending Words subtests), Phonological Memory (i.e. a composite score of the Memory for Digits and Nonwords subtests), and Rapid Naming (i.e. a composite score of the Rapid Naming of colors, objects, digits, and letters subtests). Difficulties in one or more of these domains of phonological processing abilities may adversely affect difficulty person's ability to read. Age standardized scores are available for each of the three subscales and five subtests (Elision, Blending Words, Memory for Digits, Nonwords, and Rapid Naming) of the CTOPP.
Statistical analysis strategy
Baseline maternal characteristics, child characteristics, and prenatal drug exposure were summarized using means and standard deviations for continuous variables, and frequencies and percentages for categorical variables. Comparisons between PCE and NCE groups were performed using t-tests, Wilcoxon rank sum, and Pearson Chi-square tests. All positively skewed data, including drug self-report measures and GSI, were transformed using the natural logarithm of (X +1) to achieve a distribution that approximates normality. Correlations between drug exposure data and language outcomes were estimated using Spearman correlation coefficients.
In order to reduce the possibility of spurious effects associated with multiple comparisons, we performed 2 separate MANCOVAs (i.e. one utilizing the six subtest scores of the TOLD-I:3 and one using the three subscales of the CTOPP) controlling for HOME score, current caregiver's psychological distress, and current caregiver's vocabulary (PPVT). These variables were chosen as covariates as they have been related to cognitive functioning in our previous work and are hypothesized to influence language development.
Multiple linear and logistic regression analyses were performed only on the outcomes that were significant (p b 0.1) in the MANCOVAs of the TOLD-I:3 and CTOPP and were correlated with language measures (p b 0.20) and different by cocaine status (p b 0.20). Covariates were entered into the regression model stepwise and were retained if, on entry, they were significant at p b 0.10 or caused substantial change (N10%) in the cocaine coefficient [31] . Environmental and prenatal factors were considered first, followed by demographic and drug exposure variables in the following order: cocaine exposure, HOME score, birth mother and current caregiver PPVT standard score, WAIS-R BD and WAIS-PC scores, maternal age at child's birth, parity, number of prenatal care visits, marital status, socio-economic status, birth mother and current caregiver GSI, and prenatal and current caregiver measures of cigarette, alcohol, marijuana and current child placement (nonrelative foster/adoptive care vs. relative care) and blood lead level. Child's race and gender were tested as moderators of prenatal cocaine effects. Adjusted language scores controlling for confounding variables demonstrated to be significant in the regression model, were calculated to compare the cocaine-exposed and non-exposed groups. Logistic regression was employed to examine the bivariate language classification of b85 or N85.
Results
Sample characteristics
Cocaine using women and controls were primarily AfricanAmericans, of low-income and not married (see Table 1 ). Cocaine using women were older, had more children, and received fewer prenatal care visits than controls. They used other drugs (i.e. alcohol, marijuana and tobacco) more frequently and in higher amounts than non-users. PCE infants were more likely to be preterm and of lower birth weight, head circumference (employed as a mediator of the cocaine effect), and birth length than NCE infants (see Table 2 ). At birth, 49 (26%) PCE infants were placed outside birth mother/relative care compared to only 3 (2%) of NCE infants (p b 0.05). By 10 years, 39 (22%) PCE children were in adoptive/foster care compared to 7 (4%) of NCE children (χ 2 = 25.6; p b 0.001). Among the 136 children not in adoptive/foster care with PCE, 93 (53.14%) were with the biological mother, while 43 (27.43%) were in relative care. See Table 3 for a summary of current caregiver demographics.
Effects of prenatal drug exposure on language outcomes at 10 years
The MANCOVA for the 6 subtests scores of the TOLD-I:3 was significant at the p b 0.10 level (Wilks' Lambda = 0.96, F = 2.05, df = 3305, p = 0.059). When the scores for the entire sample were adjusted for significant covariates, cocaine effects remained significant for the Sentence Combining and Malapropism subtests of the TOLD-I:3 (Table 4 shows adjusted means). Effect sizes were small to moderate (0.31 for Sentence Combining). The overall MANCOVA of the three subscales from the CTOPP was significant at the p b 0.001 level (Wilks' Lambda = 0.95, F = 5.78, df = 3305, p = 0.0007). An ANCOVA was conducted on each of the subscale scores of the CTOPP to further identify skills with a significant cocaine effect. The analysis of on the Phonological Awareness subscale revealed a significant effect for cocaine (Wilks Lambda = 0.97, F = 4.49, df = 2307, p = 0.012). Cocaine effects were not obtained for Phonological Memory or Rapid Naming (p N 0.10). Regression analyses were performed only on the outcomes that were significant on the overall MANCOVA. When the scores for the entire sample were adjusted for significant covariates, cocaine effects remained significant for the Phonological Awareness subscale and Elision subtest of the CTOPP. Effect sizes were small to moderate (0.30 for Elision).
There was a gender by cocaine interaction on the Phonological Awareness subscale and the Elision subtest, with cocaine exposed females performing more poorly than NCE females (Fig. 1) . Logistic regression was employed to examine the bivariate language classification of b85 or N85. There was a gender interaction in the logistic regression with the results only significant for girls. Seventy three percent of cocaine exposed girls had Phonological Awareness score b 85 compared to 53% of non-cocaine exposed girls (p b 0.05). There were no language difference observed between cocaine exposed boys (64%) and non-exposed boys (71%).
Effects of caregiver and environmental characteristics
See Table 5 for the bivariate correlation of the language outcomes with maternal and caregiver characteristics. The HOME score was significantly related to the Rapid Naming (β = 0. 16 Adjusted for parity, maternal marital status, maternal block design scale, current caregiver's global severity index, maternal cigarette use per day average, maternal alcohol dose per week average, child sex, and interaction of sex and cocaine status. Adjusted for HOME score, parity, maternal marital status, current caregiver's PPVT-R, maternal number of cigarettes 2nd trimester, and maternal alcohol dose per week average. 4 Adjusted for current caregiver cigarettes use average, maternal alcohol dose per week average, and maternal marijuana dose per week 1st trimester.
5
Adjusted for HOME score, parity, and current caregiver cigarettes use average.
6
Adjusted for HOME score, parity, current caregiver's PPVT-R, current caregiver's global severity index, maternal marijuana dose per week month prior.
7
Adjusted for HOME score, parity, years of maternal education, current caregiver's PPVT-R, current caregiver's block design scale, current caregiver's global severity index, maternal alcohol dose per week average, and maternal marijuana dose per week 1st trimester. 8 Adjusted for HOME score, parity, years of maternal education, maternal PPVT score, current caregiver's block design scale, current caregiver's global severity index, maternal alcohol dose per week average, maternal marijuana dose per week 1st trimester, and foster/adoptive caregiver.
9
Adjusted for parity, years of maternal education, current caregivers PPVT-R, maternal block design scale, current caregiver's global severity index, maternal alcohol dose per week average, foster/adoptive caregiver. 10 Adjusted for parity, maternal marital status, current caregiver's PPVT-R, current caregiver's block design scale, current caregiver's global severity index, maternal cigarettes dose per day average, maternal average alcohol dose per week. 11 Adjusted for HOME score, parity, years of maternal education, maternal marital status, maternal PPVT score, current caregiver's block design scale, maternal number of cigarettes 2nd trimester, and foster/adoptive caregiver.
The cocaine effect on language and Phonological Awareness was not dramatically changed due to lead. With lead in the model, cocaine effects are β = −0.15, p = 0.08 on Phonological Awareness, β = −0.21, p = 0.02 on Elision subtest, and β = −0.15, p = 0.0234 on Sentence Combining subtest.
Adoptive/foster care versus birth mother/relative care
Within the PCE group children placed in adoptive/foster care were compared to children who remained in birth mother/relative care. Children with PCE in adoptive/foster care had significantly higher language outcomes than children with PCE in birth mother/ relative care even after controlling for the effects of lead, HOME, PPVT, and GSI for the following outcomes: The Generals subtest of 
Discussion
This study suggests that the negative effects of prenatal cocaine exposure on language skills continue to be evident at 10 years of age, a time when children are acquiring critical reading and writing skills necessary for success in school. Our findings are consistent with other reports that indicate that prenatal cocaine exposure continues to place children at risk for mild language deficits into preadolescence, a time when cognitive and linguistic demands increase academically and socially [5] . These effects are subtle and may impact specific cognitive skills rather than overall language abilities. For example, while we found more global cognitive deficits in our cohort at 2 years [40] , by 4 years of age deficits of children with PCE were specific to visual-spatial skills, arithmetic skills, and general knowledge [43] and by 9 years perceptual organizational skills were differentially affected [44] . Our results suggest that children with PCE may be at risk for deficits in specific language skills at preadolescence due to a combination of biological maturation and increasing academic and social demands.
Effects of cocaine on spoken language
Two subtests, Sentence Combining and Malapropisms, of the TOLD-P:I were significantly affected by prenatal cocaine exposure even after adjustment for multiple covariates (i.e. the HOME, current caregiver's vocabulary, and GSI) were made. The Sentence Combining subtest measures of syntactic ability as the child is asked to create one compound or complex sentence from two or more simple sentences that are presented auditorily. This subtest requires the child to use compound subjects, objects, verbs and verb phrases, skills that are essential to academic and social success in middle school and beyond. The Malopropisms subtest is a measure of semantic knowledge as the child is required to identify words that sound like the appropriate words but have absurd meanings in a particular context. These stimuli are also presented auditorily, thus playing a central role on accurate listening skills. Semantic deficits have been reported in other studies of children with PCE. Delaney-Black et al. [12] classified children into low language group based on semantic measures (type-token ratios and word types) and found that children with PCE were more likely to fall into the low language group than NCE children. They suggest the possibility that a language threshold may exist for successful academic achievement with children with PCE more often falling below this threshold. Studies of reading comprehension have demonstrated that both spoken syntax and semantic skills are the best predictors of reading Fig. 1 . Adjusted mean score of CTOPP Phonological Awareness by Cocaine Status and Gender, controlled for parity, maternal marital status, current caregiver's PPVT-R, current caregiver's global severity index, maternal alcohol dose per week 3rd trimester. Cocaine exposed girls had a lower Phonological Awareness score than non-cocaine exposed girls (p = 0.013). comprehension for kindergarten and first grade children [10, 28] . Vocabulary in particular has been related to single word reading with children who have larger vocabularies better able to identify written words [49] . At 10 years of age, children with PCE may be at risk for reading comprehension deficits due to poor syntax and semantic skills.
Effects of cocaine on phonological processing
An effect for cocaine exposure on the Phonological Awareness subtest of the CTOPP also remained significant after controlling for covariates. Phonological awareness is an auditory processing skill that has been associated with decoding printed words and the acquisition of fluent reading skills [11, 24, 35, 37, 47] . Phonological Awareness is a metalinguistic skill that includes awareness that spoken units of speech are comprised of smaller units such as syllables, individual phonemes and sounds. In particular, the Elision subtest of the CTOPP which requires the child to delete sounds and syllables of words has been associated with both skills in reading decoding and reading comprehension [28] . In the current study, a significant cocaine effect was observed for the Elision subtest of the CTOPP, with children with PCE performing more poorly than NCE children. Proficient early reading skills are dependent on the child's ability to rapidly decode or sound out words. Children with PCE may be less efficient decoders and therefore at risk for reading difficulties due to phonological processing problems. Prenatal exposure to cigarettes and marijuana has been related to poor language and reading outcomes in 9-12 year-old children [17] , with these authors suggesting that altered auditory functioning may be an important cause to consider. In our early report of this cohort, we found auditory comprehension deficits in children with PCE [40] . It seems likely that the finding of poor phonological awareness skills at 10 years of age may be related to our earlier finding of auditory deficits in this sample. Thus, prenatal cocaine exposure impacts both higher level language abilities and phonological awareness skills that are essential for the development of literacy skills and academic success.
Cocaine by gender interaction
Cocaine by gender interaction was observed for girls in this sample. Girls with PCE performed more poorly than girls without prenatal cocaine exposure on language measures including the Phonological Awareness subscale of the CTOPP. This finding is consistent with Beeghly et al.'s [4] finding of lower expressive and total language scores for females with PCE. A longitudinal study of children with PCE at 4, 6, and 9 years demonstrated a cocaine by gender interaction with boys with PCE consistently demonstrating lower IQs than girls with PCE across all ages [6] . Boys with PCE demonstrated lower scores on the Visual/Abstract reasoning scale. Thus, while it appears that there are gender-specific effects of prenatal cocaine exposure, these effects may differ by the specific cognitive skill assessed (i.e. Phonological Awareness, overall language skills or other cognitive skills).
Environmental variables and language skills
Environmental variables continued to impact language skills at 10 years. Home environment, current caregiver vocabulary and psychological symptoms are significant predictors of language development among 10-year-old children both with PCE and without exposure. The current caregiver's vocabulary score and the HOME score both were related to language performance, underscoring the environmental modifiability of language. Reports of delays in syntax (i.e. the Sentence Combining subtest of the TOLD-I:3) and semantics (i.e. the Malapropism Subtest of the TOLD-I:3) in children exposed to cocaine may relate to the caregiver's vocabulary, as well as the cocaine exposure itself. We previously reported the relationship of caregiver's vocabulary to child's language at 4 and 6 years of age [26] . The impact of the caregiver's vocabulary and the caregiver's psychological distress appears to continue into the school years in our sample.
Environmental lead exposure measured during early childhood was also related to language deficits at 10 years of age. Significant effects of lead exposure were observed on the on Phonological Awareness and Elision subtests of the CTOPP and the Sentence Combining, Picture vocabulary, and Grammatic Comprehension subtest scores of the TOLD-I:3. Early childhood lead exposure has been noted to have a significant impact on the brain reorganization associated with language functions [50] .
Children with PCE in adoptive/foster care
In our prior studies the foster/adoptive caregiver's vocabulary, depression, and HOME scores contributed to the adoptive-care effect on language at 4 years of age [27] and cognitive and achievement outcomes at 9 years of age [44] . The protective effect of adoptive/ foster care was also observed on language skills at 10 years of age. Cocaine exposed children in family care had poorer language scores than children in adoptive/foster care.
Conclusions
The findings from this study support the notion that language outcomes at 10 years of age are the result of prenatal cocaine exposure and environmental conditions. Future studies should attempt to identify specific linguistic deficits in semantic, syntactic, phonological and pragmatic skills that are associated with cocaine exposure and determine how these deficits impact literacy development and social skills. Pediatricians and educators should be aware of the risks of prenatal cocaine and early childhood lead exposure may extend into the school age years and continue to monitor children appropriately.
Limitations of the current study
While the strengths of the current study include the use of a prospective design, detailed postnatal maternal interviews and biological markers (i.e., meconium and urine) to determine cocaine status, an excellent retention rate, examiners blinded to cocaine status, and the assessment of specific language skills, there are several weaknesses of the study that should be noted. First, the study sample was limited to African-American children in disadvantaged neighborhoods. The cumulative effects of such an impoverished environment on language are not known and warrant further study. Some children with PCE were exposed to multiple drugs, including marijuana, alcohol, and nicotine, as well as environmental toxins. Also the standardized tests employed in this study did not tap all components of language and may not have been sensitive to subtle deficits in language and phonological processing. Cocaine effects may be specific to other domains of language that were not assessed. Finally, the age at assessment, 10 years, may not have captured the full impact of cocaine exposure on language skills as these skills continue to develop into adolescence. Additional follow-up at adolescence is warranted employing measures that tap specific metalinguistic skills.
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